Few studies have compared oyster habitat use with adjacent vegetated and non-vegetated habitats. We investigated habitat use by six common, estuarine, invertebrate species. In order to better understand the species-specific use of oyster and adjacent habitats within the salt marshes of Grand Bay NERR, MS, we examined the abundance patterns and size distributions among oyster, vegetated marsh edge (VME), and non-vegetated bottom (NVB) for three seasons (Fall 2003, Spring 2004, Summer 2004 for the following species: blue crab Callinectes sapidus, brown shrimp Farfantopenaeus aztecus, white shrimp Litopenaeus setiferus, daggerblade grass shrimp Palaemonetes pugio, flatback mud crab Eurypanopeus depressus, and oystershell mud crab Panopeus simpsoni. Three main trends emerged concerning habitat use: 1) the three crab species (juvenile C. sapidus, E. depressus, P. simpsoni) occupied oyster and VME habitats in higher abundances relative to NVB with minor to moderate fluctuations in seasonal abundance. Smaller crabs tended to use oyster habitat (although differences were not significant for all three species) and this may be related to the higher abundance of smaller refuges in oysters; 2) for one species, P. pugio, abundance in VME was significantly higher than in the other habitats, which may be related to P. pugio reliance on VME stems, and associated flora and fauna for refuge and food; and 3) the estuarine-dependent species F. aztecus and L. setiferus had relatively equal use of VME and oysters, which both species selected for structured habitat over NVB and both species were significantly larger in oyster habitat. Additional investigation is needed to determine the mechanisms responsible for the species-habitat relationships documented in our study.
INTRODUCTION
Crassostrea virginica oyster reefs and oyster shell deposits provide essential functions in estuarine ecosystems. As individual living organisms, oysters filter particulate matter from the water column. As three-dimensional conglomerate structures, oyster reefs interrupt water flow and serve as sites for suspended matter to settle (Dame et al., 1984) . Oyster reefs and low profile accumulations of oyster shell provide complex structural matrices in which numerous sessile and mobile fauna seek refuge from physical disturbance, physiological stress, and predation (Lenihan et al., 2001; Peterson et al., 2003; Grabowski, 2004) . Oyster habitat also provides a site of concentrated food resources for a variety of estuarine species (Zimmerman et al., 1989) .
Information concerning relative habitat value is essential in light of legal mandates concerning coastal habitat conservation and restoration (Beck et al., 2001; Minello et al., 2003) . Estuarine habitat loss and alteration is a problem so basic research on natural abundance and size patterns among habitats is important. However, the current understanding of oyster reefs and oyster hash as faunal habitat is limited by a lack of quantitative comparative studies with other habitats. Vegetated marsh and submerged aquatic vegetation (SAV) habitats have been studied more extensively and rate relatively high in habitat function and value, especially when compared to adjacent non-vegetated bottom (Heck et al., 2003; Minello et al., 2003) . Much research supports the notion that these vegetated habitats and their associated structural complexity provide excellent refuge and food resources for estuarine residents and juveniles of estuarine-dependent species (Heck et al., 2003; Minello et al., 2003) . Oyster habitat is also structurally complex and may provide similar functions as the vegetated habitats (Shervette and Gelwick, 2007; Shervette and Gelwick, 2008) .
All structured habitats vary in the quality and quantity of refugia they provide, and this variation may be reflected in the species utilizing these habitats. Juveniles of Gulf stone crab Menippe adina Williams and Felder, 1986 , depend on habitat structural complexity for refuge from predation and their habitat needs shift with ontogeny (Shervette et al., 2004) . Other species of invertebrates may have similar needs. Additionally, some invertebrates may select certain habitats for associated food resources and are not as directly limited by the mosaic of refuges a habitat provides.
In order to add to the understanding of oyster as an important estuarine habitat, we examined spatial and temporal trends in abundance and size of six common JOURNAL OF CRUSTACEAN BIOLOGY, 31(4): 660-667, 2011 decapod species across oyster and adjacent shallow habitats common to Mississippi and other Gulf of Mexico estuaries. This study focuses on invertebrates because the majority of the current literature on habitat use in estuaries emphasizes fishes (Roundtree and Able, 2007) . Of the six invertebrate species, three were estuarine residents of ecological importance: flatback mud crab Eurypanopeus depressus (Smith, 1969) , oystershell mud crab Panopeus simpsoni Rathbun, 1930 , and daggerblade grass shrimp Paleomonetes pugio Holthius, 1949 . The other three species were estuarine-dependent marine residents of ecological and economic importance: blue crab Callinectes sapidus Rathbun, 1896, brown shrimp Farfantepenaeus aztecus (Ives, 1891) , and white shrimp Litopenaeus setiferus (Linnaeus, 1767) . The three habitats examined were Spartina alterniflora vegetated marsh edge (VME), oyster reef and shell (oyster), and non-vegetated bottom (NVB).
MATERIALS AND METHODS

Study Area
Our study was located at two marsh complexes in Grand Bay National Estuarine Research Reserve (GBNERR) on the Mississippi coast in the north central Gulf of Mexico (Fig. 1) . GBNERR is bordered on the west by the heavily industrialized Pascagoula estuary and on the east by another heavily industrialized estuary, Mobile Bay. The Grand Bay estuary is microtidal with a typical tidal range of 30-60 cm. We focused sampling in the marsh complexes Bayou Heron and Crooked Bayou (Fig. 1) . Bayou Heron is located in the upper zone of the estuary and is characterized by oligohaline salinities. Common shallow habitats included vegetated Spartina alterniflora marsh edge and inner marsh, low profile Crassostrea virginica oyster shell from oyster midden deposits, and shallow nonvegetated bottom. Additionally, Bayou Heron had some subtidal Ruppia maritima that occurred in small, sparse, patchy beds. Crooked Bayou, located closer to the outer zone of the estuary, is approximately 6 km southwest of Bayou Heron. Crooked Bayou is characterized by polyhaline salinities and is connected directly with Mississippi Sound. Common shallow habitats in the Crooked Bayou marsh complex included vegetated S. alterniflora marsh edge and inner marsh, low profile C. virginica oyster reefs and oyster midden deposits, and shallow non-vegetated bottom. No subtidal seagrasses were observed in Crooked Bayou.
Invertebrate Sampling
We collected invertebrates in VME, oyster, and NVB habitats using a 1.17 m 2 drop sampler (described extensively in Shervette and Gelwick, 2008) . We utilized drop sampling in the three habitats because the catch efficiency does not vary significantly with habitat characteristics (Rozas and Minello, 1997) . We selected two marsh complexes in Grand Bay NERR (GBNERR), approximately 6 km apart, which had all three habitats. Sites of collection within habitats were selected randomly. We collected four replicate samples within each habitat at each sampling area. Sampling occurred in Fall (4-10 October 2003), Spring (13-20 May 2004) , and Summer (16-28 July 2004) within two hours of high tide when all habitats were inundated. We collected a total of 72 drop samples (4 replicates 3 3 habitats 3 2 sampling areas 3 3 seasons).
Immediately after deployment of the drop sampler, we measured temperature (uC), salinity (PSU), and dissolved oxygen (mg/L) using a YSI 85 m and water depth (cm) using a measuring tape for each drop sample. After collecting these data we used a hose with plastic mesh (1 mm) covering the intake nozzle of the trash pump to pump out water from within the sampler. In VME habitat, we removed marsh vegetation from the sampler and recorded the number of stems present. In oyster habitat, percent oyster cover was recorded after water was removed. Then all oysters were removed from the sampler, washed over 3 mm plastic mesh netting, and organisms present collected. If any oyster was found in VME or non-vegetated bottom samples, percent oyster was recorded and oyster was processed as described previously. Percent oyster was always assessed by V. Shervette for consistency. All invertebrates and fishes inside the drop sampler were collected and preserved in 10% buffered formalin for at least 48 h before transfer to 70% ethanol. All individuals for this study were identified to species and measured: crabs to 0.1 mm carapace length (CL) and shrimp 0.1 mm total length (TL). The crab and shrimp data presented here is a subset of a larger estuarine community dataset (Shervette and Gelwick, 2008) .
Statistical Analyses
We chose nonparametric statistics because much of the abundance and size data violated the assumptions of parametric statistics. We used Kruskal Wallis, the nonparametric equivalent of a one factor ANOVA, to test for significant differences in abundance among habitats and among seasons for each species. If a significant difference in abundance among habitats occurred, we used a Mann Whitney U test, the nonparametric equivalent of a Student t test, to test for pairwise comparisons for habitats and for seasons. If a species did not occur in all three habitats or all three seasons, then we used a Mann Whitney U test to test for significant differences between the two habitats or two seasons in which the species did occur. We also used Mann Whitney U to test for significant differences in abundance for each species between sampling areas. We used Kruskal Wallis for size comparisons among habitats and among seasons for each species. For pairwise comparisons with size, we used KolmogorovSmirnov Z test. Some debate exists concerning the use of Mann Whitney and Kolmogorov-Smirnov in multiple pair-wise comparisons, but it appears to be appropriate in this case (Siegel and Castellan, 1988; Field, 2005) . Because so many tests were conducted for density and size for the individual species, we utilized the Bonferroni corrected a-level in determining significance (Sokal and Rohlf, 1995) . At most, a total of nine statistical comparisons were made for an individual species which equals an adjusted a-level of 0.006. Ergo, if a statistical comparison yielded a P , 0.006 it was deemed significant.
To test for significant differences in temperature, salinity, dissolved oxygen, and depth among habitats and between marsh complexes within each season, we used individual one factor ANOVAs. If needed, data were log(x + 1) or square-root transformed to meet assumptions of normality and homogeneity of variance for the statistical test.
RESULTS
Environmental Variables
Salinity did not vary among habitats during any of the sampling periods (ANOVA: P . 0.05), but was consistently higher at Crooked Bayou compared to Bayou Heron (for all three seasons ANOVA: P , 0.001; Fig. 2 ). Dissolved oxygen (DO) did not differ among habitats or between sites for all three seasons. Mean temperature varied seasonally (Fig. 2) and consistently across the three sampling periods, but did not vary significantly among habitats or between sampling areas (ANOVA: P . 0.05). Depth was less in intertidal VME relative to the other two habitats during the three sampling periods at both sampling areas (Table 1) . Stem density was always greater in VME, although a few stems were collected from the other habitats on occasion (Table 1) . Percent oyster was always higher in oyster habitat samples, although some oysters were collected in VME and NVB habitats (Table 1) .
Species Abundances
Callinectes sapidus abundance varied significantly among the three habitats (Table 2 ). More blue crabs were collected in VME and oyster habitats relative to NVB habitats ( Fig. 3 ; Table 2 ). Farfantepenaeus aztecus were collected mainly during Spring (Fig. 3) . Litopenaeus setiferus abundance varied significantly among habitats (Table 2) . More white shrimp were collected in oyster habitat relative to NVB. White shrimp were collected mainly in Fall and Summer with relatively few individuals found in Spring (Fig. 3) .
Palaemonetes pugio were only collected in VME and oyster habitats (Fig. 4) with significantly more found in VME (Table 2) . Eurypanopeus depressus abundance varied significantly among habitats with more occurring in oyster and VME relative to NVB (Table 2 ). Nearly twice as many E. depressus were collected in oyster than VME (Fig. 4) , but no significant difference in abundance was detected between those habitats. Seasonal abundance varied significantly with more collected in Fall than in Summer or Spring. Additionally, significantly more were collected at Crooked Bayou than Bayou Heron (Table 2) . Panopeus simpsoni abundance varied significantly among habitats with significantly more collected in VME and oyster than NVB. Significantly more P. simpsoni were collected at Crooked Bayou than at Bayou Heron ( Fig. 4 ; Table 2 ).
Size Distributions
Oyster provided habitat for significantly smaller C. sapidus than VME habitat (Tables 3 and 4) . VME provided habitat for significantly smaller F. aztecus than oyster (Tables 3  and 4) . Farfantepenaeus aztecus collected in Bayou Heron were significantly larger than those collected in Crooked Bayou (Tables 3 and 4) . Litopenaeus setiferus collected in NVB were significantly larger than those collected in oyster. Additionally, those collected in oyster were significantly larger than shrimp collected in VME (Tables 3 and 4). Litopenaeus setiferus from Crooked Bayou were significantly larger than those collected in Bayou Heron (Tables 3 and 4) . Palaemonetes pugio size varied significantly among the three seasons, exhibiting the following relationship: Spring . Summer . Fall (Tables 3 and 4) . Grass shrimp size also varied significantly between sampling areas with individuals collected at Crooked Bayou significantly larger than Fig. 3 . Mean density (+ SE) for each of the three estuarine dependent species by habitat for each season. Callinectes sapidus density varied significantly across habitats: oyster 5 VME . NVB, with no significant difference among seasons. Litopenaeus setiferus density did not vary significantly among habitats. Farfantopenaeus aztecus density varied significantly across habitats: oyster 5 VME; VME 5 NVB; oyster . NVB; with no significant difference between the two seasons compared. (Tables 3 and 4) . Seasonally, P. simpsoni collected in Fall were significantly smaller than those collected in Summer (Tables 3 and 4) .
DISCUSSION
Habitat loss and destruction in estuaries is a reality that emphasizes the need for basic organismal population data from healthy systems in order to ultimately set restoration goals as well as emphasize the relative importance of oyster habitat to invertebrates. In this paper, we provide basic habitat-specific density and size data for juvenile and adults of six species of common invertebrate species. Oyster and VME provided important habitats for the juvenile/adult phases of most of the species examined. Abundances of five out of the six species varied among the habitats. Oyster supported significantly higher abundances compared to adjacent NVB for four of the six species. Marsh habitat supported significantly higher abundances relative to adjacent NVB for two of the six species. VME also supported significantly higher abundances of grass shrimp than oyster. The species abundance patterns in this study may reflect a combination of habitat selection and differential mortality associated with these habitats (Zimmerman et al., 1989) . The sampling method we utilized in this study is one that is strongly recommended for the objectives of our work (Rozas and Minello, 1997 ), although we recognize that any sampling method does have limitations. For example, the size of organisms collected with drop-sampling techniques will be limited to the mesh size of dip-nets and sieves. Our study used a mesh size of 3 mm in the dip-nets and 1 mm for the sieve on the intake hose of the pump so the majority of individuals smaller than that would not have been collected. We have tried to emphasize in this paper that our results pertain to juveniles and adults because of this limitation. Juvenile C. sapidus occurred in all three habitats and throughout our study period. Blue crab recruits into Gulf of Mexico estuaries as megalopae (Perry, 1975) and juveniles occur in estuarine habitats throughout the year (Perry and Stuck, 1982) . In our study, C. sapidus appeared to select for oyster and VME over NVB which may, in part, be related to habitat-specific availability of food resources. The diet of juvenile C. sapidus is broad; they are omnivores and feed on crustaceans, mollusks, fishes, and detritus (Perry and McIlwain, 1986) . Common prey items for juvenile blue crab include many epifaunal and infaunal species frequenting oyster and VME habitats (Perry and McIlwain, 1986; Zimmerman et al., 1989) . A study from another Mississippi estuary also found a higher abundance of juvenile blue crab in VME than NVB (Rakocinski and Mc Call, 2005) . Stunz et al. (2010) investigated the fish and invertebrate communities of oyster reefs and adjacent habitats in Galveston Bay. Similar to our study, they documented that blue crabs occurred at significantly higher densities in oyster and vegetated marsh edge relative to non-structured, open water habitats.
Another reason for higher abundances of blue crab in oyster and VME may be the need for refuge. The quality of habitat-specific refugia is an important factor regulating populations for blue crabs and other crab species (Heck and Thoman, 1984; Beck, 1995; Ryer et al., 1997; Shervette et al., 2004) . Significantly smaller blue crabs occupied oyster relative to VME. Oyster may provide smaller spaces in which juvenile blue crabs can seek refuge compared to VME. Juveniles of another estuarine-dependent crab species, the Gulf stone crab M. adina utilize subtidal and intertidal oyster reef and oyster shell deposits at a small Fig. 4 . Mean density (+ SE) for each of the three estuarine resident species by habitat for each season. Eurypanopeus depressus density varied significantly across habitats: oyster 5 VME . NVB; and across seasons: Summer 5 Fall; Summer 5 Spring; Fall . Spring. Panopeus simpsoni density varies significantly across habitats: oyster 5 VME . NVB; with no significant difference among seasons. Palaemonetes pugio density varied significantly between the two habitats in which it occurred: VME . oyster; with no significant difference among seasons. size in high abundance for refuge from predation (Shervette et al., 2004) . Juvenile blue crabs may exhibit a similar need for refuge, because several predatory fish species that eat crabs are common to our sampling areas (Shervette, unpublished gillnet data). Ryer et al. (1997) used tethering experiments and found that greater survival of blue crabs occurred along the creek banks compared to the creek centers. They went on to explain that the structurally complex S. alterniflora-lined banks may have provided protection from predation relative to the creek centers that lacked structure (Ryer et al., 1997) . Further experimental study is needed to evaluate predation and refuge-use of oyster versus vegetated habitats in juvenile blue crabs.
The seasonal abundance pattern we observed for F. aztecus was supported by Howe and Wallace (2000) , which documented a peek recruitment period during Spring for this species. The fact that brown shrimp select for VME over NVB is well established (Zimmerman et al., 2000) . Heck et al. (2003) asserted that for many nursery species, habitat selection is related to presence of structure, and not necessarily what is providing the structure. Furthermore, brown shrimp abundance in VME is not correlated with VME stem density (Zimmerman and Minello, 1984; Zimmerman et al., 1984) . This may explain why in our study brown shrimp occurred at similarly high abundances in the two structured habitats relative to NVB. In Galveston Bay, Stunz et al. (2010) reported the following relationship for brown shrimp densities in adjacent oyster, VME, and non-vegetated habitats when combining density data for their May, August, and November 2000 sampling periods: VME . oyster . non-vegetated.
The seasonal abundance and size patterns we observed for L. setiferus were consistent with their recruitment into estuarine habitats (Muncy, 1984) peaking in summer and fall. Beseres and Feller (2007) also examined white shrimp density in the North Inlet Estuary, SC, and found peaks in abundance in summer-fall months. The habitat-specific abundance patterns we observed were less conclusive. White shrimp abundance in oyster was significantly higher relative to NVB; however abundance between VME and NVB and between oyster and VME did not differ significantly. A general consensus does not exist in the current literature concerning significant differences in white shrimp densities between vegetated habitats (such as VME and seagrasses) and non-vegetated habitat (such as NVB and oyster) (see review in Shervette and Gelwick, 2008) .
We documented significant differences in sizes of white shrimp collected from the two sampling areas and among the three habitats. White shrimp were smaller in the upper estuary sampling area, Bayou Heron, where salinity was lower than the outer estuary sampling area, Crooked Bayou. As juvenile white shrimp grow, they move from upper reaches of estuarine systems to lower reaches where deeper, more open areas occur (Anderson, 1966) . In Grand Bay NERR, larger shrimp were collected over the deeper, NVB than over the oyster or in VME. Intermediate-sized shrimp were collected over oyster and smaller shrimp were collected in VME. As white shrimp grow while they reside in estuarine habitats, their specific habitat needs may change. Our results may indicate that oyster habitat provides an important function in the estuarine-dependent stage of white shrimp development.
Our study supports that P. pugio selected for VME over oyster and NVB. Other studies have also documented higher densities of this species in vegetated habitats relative to non-vegetated habitats (Zimmerman et al., 1989; Zimmerman et al., 1990; Minello et al., 1994; Rozas and Minello, 1998) . In addition, P. pugio in our study and in Zimmerman et al. (1989) occupied VME in higher abundances than oyster. Grass shrimp are often cited as major primary and detrital consumers in salt marshes (Kneib, 1988; Clark et al., 2003) . Daggerblade grass shrimp feeding habits are strongly tied to vegetated marsh resources, consuming vast quantities of marsh detritus, epiphytic microalgae that coat marsh stems, and associated epi-and infauna (Kneib, 1988; Clark et al., 2003) . Additionally, evidence exists that shallow and intertidal vegetated marsh habitats may reduce predation rates on grass shrimp (Kneib, 1987; Clark et al., 2003) . Grass shrimp, in general, are common items in the diets of a suite of predators (La Salle et al., 1991) , further necessitating their reliance on VME habitat as a source of refuge, especially during high tide when VME is available. The value of oyster habitat may increase for grass shrimp at periods of low tide when VME is not available and subtidal oyster habitat is available (Eggleston et al., 1998) . Therefore, subtidal oyster and shallow NVB habitats should not be discounted in providing important refuge for grass shrimp when VME is not available (Eggleston et al., 1998; Clark et al., 2003) . The two xanthid crab species selected for oyster habitat, especially when considered as an aggregate group. Individually, each species had higher abundances in oyster relative to NVB. Xanthid crabs were always collected in samples that contain oyster, including VME and NVB samples but only when oyster was present in those samples. Zeug et al. (2007) documented a similar relationship in natural Spartina VME habitat when oyster clusters were present. These xanthid species are considered oyster reef residents and may compete among each other for refuge and for food resources within oyster habitat (Shervette et al., 2004) . In another study concerning habitat use by xanthid crabs in Mississippi Sound, Shervette et al. (2004) found that juvenile stone crabs, E. depressus, and P. simpsoni, occupying oyster habitat, overlapped in size distributions. In that study, they concluded that competition for refuge within the oyster shell matrix of a reef among crabs was necessitated by the presence of toadfish Opsanus beta, a common predator of xanthid crabs. 
